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@> Electric power system for marine vehicles. 

(57) An electric power system for large marine 
vehicles in which one or more AC generators 
are shared as the ship's propulsion power sour- 
ce and the ship's electrical service power sour- 
ce. The voltage from the AC generator(s) is 
rectified to a reduced DC voltage such that 
voltage transients in the propulsor motor do not 
reflect into the ship service power system. Sili- 
con controlled rectifier (SCR) bridges are 
utilized to convert the generator's AC voltage 
into a reduced DC voltage. As a supplement for 
emergency power, a rechargeable battery is 
included to provide power for propulsion and 
ship service. 
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Field of the Invention 

This invention relates generally to electric power 
systems for marine vehicles and more particularly to 
power systems for both propulsion and shipboard s 
service in submersible vessels or surface ships. 

Background of the Invention 

In large marine vehicles, two distinct power re- 10 
quirements exist. One requirement is propulsion (i.e. 
power to drive the propeller shaft), the other is shi> 
board electrical service (i.e. lighting, computers, elec- 
tronics, etc.). Since the power demands for propul- 
sion and shipboard service are so different, separate 15 
and distinct power generation systems are generally 
provided. Atypical mechanical propulsion plant would 
include two propulsion turbines, a reduction gear, two 
turbine generator sets, and two motor generator sets 
to supply propulsion and ship service electric power. 20 
Due to the large number of rotating machines, these 
existing systems tend to be noisy, large, heavy, and 
expensive to build and maintain. Existing electric pro- 
pulsion systems for ships also tend to be very large 
and heavy due, in part, to the fact that separate elec- 25 
tncal power generation must be provided for propul- 
sion and shipboard service. As an alternative to sep- 
arate power generators, there has been some sug- 
gestion of utilizing the same electrical generators for 
both propulsion and ship service. U.S. Patent No. 30 
4,661 ,714 discloses one such alternative in which the 
three-phase electrical power which drives the ship's 
propulsion motors also supplies the main shipboard 
electrical service through a transformer. A major dis- 
advantage of such system is that propulsion motor 35 
voltage transients affect shipboard service, which 
typically includes electronic equipment that may be 
damaged or at least disrupted by major power fluctu- 
ations. 



Summary of the Invention 

It is an object of the present invention to provide 
an improved electric power system for marine vehi- 
cles. 

It is another object of the invention to provide an 
electric powersystem with a reduced number of rotat- 
ing machines. 

A further object of the invention is to utilize the 
same electric power generators) to supply both elec- 
tric propulsion power and ship service power. 

Another object of the invention is to prevent pro- 
pulsion motor voltage transients from affecting ship- 
board service. 

It is yet a further object of the invention to provide 
an uninterruptable power source in the electric power 
system by means of a rechargeable battery. 

The electric power system of the present inven- 
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tion includes, in a preferred embodiment two high 
speed generators that supply both propulsion and 
ship service power. Each of the generators (port and 
starboard) typically supplies half of the ship's electri- 
cal system. However, in case one of the generators 
fails, electrical switchboards can be set so that the re- 
maining working generator supplies the entire sys- 
tem, at least temporarily. 

The electrical output of each generator is convert- 
ed by propulsion power converters into the appropri- 
ate voltage and frequency required by the electric pro- 
pulsion motor, as is conventional. In the unique sys- 
tem of the present invention, a portion of the gener- 
ators) output is rectified by SCR rectifier bridges for 
ship service power. The rectified voltage is lower than 
the propulsion motor voltage so that the ship service 
power supply can remain constant as long as propul- 
sion motor voltage transients are limited to no more 
that the reduced voltage. 

The SCR rectifier bridges convert the AC gener- 
ator output power to DC on an intermediate bus. In- 
vertor modules, utilizing insulated gate bipolar tran- 
sistors (IGBPS), produce high quality AC or DC to 
meet the ship service load requirements. In a prefer- 
red embodiment, a rechargeable battery is connected 
to the intermediate DC bus to provide uninterruptable 
power for the ship service. In addition, the battery can 
be connected to an intermediate bus of the propulsion 
motor supply system to provide emergency propul- 
sion. 

The present invention provides an electric power 
system for marine vehicles comprising: 

a first generator for generating an AC voltage 
having a first magnitude; 

a propulsion power system including a propul- 
sion motor for driving a propeller of said vehicle; 

means for coupling said generated AC voltage 
to said propulsion power system; 

a ship service power system; 
means for coupling said generated AC voltage 
to said ship service powersystem including means for 
rectifying said AC voltage to a controlled reduced 
magnitude DC voltage, said reduced magnitude DC 
voltage being less than said first magnitude AC vol- 
tage by a given value, whereby voltage transients in 
said propulsion power system less than said given 
value are automatically compensated for by said 
means for rectifying such that they do not effect said 
chip service power system. 

Said means for controlled rectification may in- 
clude a silicon controlled rectifier (SCR) bridge. 

Said means for coupling said generated AC vol- 
tage to said ship service powersystem may further in- 
clude invertors for converting said reduced magni- 
tude DC voltage into three-phase AC voltage for use 
by ship service loads. 

Still further, said invertors may include insulated 
gate bipolar transistors (IGBTs). 
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The electric power system may further include a 
rechargeable battery. 

The electric power system may also include a DC 
bus for carrying said reduced magnitude DC voltage, 
said DC bus being coupled to said means for control- 5 
led rectification and to said inverters. 

Further, the electric power system may include 
means for charging said battery, said charging means 
connected to said DC bus, whereby said battery is 
charged from said reduced magnitude DC voltage on 10 
said DC bus. 

Also, the electric power system may include con- 
verting means connected between said battery and 
said DC bus for converting battery voltage to said re* 
duced magnitude DC voltage, whereby said battery 15 
provides an alternative power supply for said ship 
service power system. 

The electric power system may further include 
means for coupling said rechargeable battery to said 
propulsion power system, whereby said battery pro- 20 
vides an alternate power supply for ship propulsion. 

The electric power system may also include a 
second generator for generating AC voltage having 
said first magnitude. 

Further, the electric power system may include 25 
means for coupling AC voltage generated by either 
said first or second generator to said propulsion mo- 
tor. 

Alternatively, the electric power system may in- 
clude means for coupling AC voltage generated by 30 
both said first and second generators to said propul- 
sion motor. 

The electric power system may include means for 
coupling AC voltage generated by either or both said 
first or second generators to a starboard side ship 35 
service power system. 

Alternatively, the electric power system may in- 
clude means for coupling AC voltage generated from 
either or both said first or second generators to a port 
side of said ship service power system. 40 

These and other features, objects and advantag- 
es of the present invention will be apparent from the 
foregoing drawings and detailed description. 

Brief Description of the Drawings 45 

Figure 1 is a general block diagram of the electric 
power system of the present invention. 

Figure 21s a block diagram of the port ship ser- 
vice and battery power systems. 50 

Figure 3 is a circuit diagram of an SCR bridge util- 
ized for ship service power inversion. 

Figure 4 is a circuit diagram of an inverter module 
utilized to provide ship service power. 

Figure 5 is a circuit diagram of a battery charger 55 
utilized in the power system of the present invention. 

Figure 6 is a circuit diagram of a battery DC/DC 
boost converter utilized in the power system of the 



present invention. 

Detailed Description 

Figure 1 is a general block diagram of the electric 
power system of the present invention. The ship's 
electrical system, in a typical application, is divided 
into two generally duplicate sides, comprising the port * 
side and the starboard side. The generator sets each 
comprise an engine 10, 12 and a generator 14, 16. 
The engines 10 and 12, or more generally the prime 
mover, may be any suitable power source such as tur- 
bine (gas or steam) or diesel. The generators 14 and 
1 6 may be any AC generator suitable for the particu- 
lar marine vehicle in which the present invention is 
utilized. 

The AC power outputs of the two generators 14 
and 16 are connected via appropriate leads to the 
port generator switchboard 18 and starboard gener- 
ator switchboard 20, respectively. In normal opera- 
tion, when both generators 14 and 16 are fully opera- 
tional, the power output of generator 14 is connected 
through switchpanel 22 to the port ship service rec- 
tifier network 24 and the port propulsion rectifier net- 
work 26. Similarly, generator 1 6 is connected through 
switchpanel 36 to starboard ship service rectifier net- 
work 31 and starboard propulsion rectifier network 
32. If either generator output is unavailable, the work- 
ing generator can automatically supply the other half 
of the ship through switchpanel 34 or 28 as shown in 
Figure 1 , and by activating the gate signals to the ap- 
propriate ship service and propulsion rectifier net- 
works for the working generator. 

Rectifier networks 26 and 32 connect to propul- 
sion DC busses 38 and 40, respectively. These inter- 
mediate DC busses also connect to battery 42 
through battery switchpanel 44 so that emergency 
propulsion power can be provided in the case of fail- 
ure of generators 14 and 16. Busses 38 and 40 are 
connected to port and starboard propulsion converter 
networks 46 and 48, respectively, which convert the 
DC voltage into an operative AC output having a wa- 
veform, frequency and magnitude appropriate for the 
AC propulsion motor 50. Propulsion motor 50, the 
size and type of which will be selected for a given ap- 
plication, drives propeller 52. 

As discussed previously the AC outputs of gen- 
erators 14 and 16 are connected to the ship service 
rectifier networks 24, 30 and 25, 31, respectively. 
Rectifier networks 24, 25 and 30, 31 which will be de- 
scribed in greater detail hereinafter, convert the AC 
voltage, which on a large ship may be typically 890 
VAC, to a reduced DC voltage, which may be typically 
± 370 VDC (line-to-neutral). The magnitude of propul- 
sion motor voltage transients can be determined em- 
pirically for a given marine vehicle or class of vehicles. 
In accordance with such determination, the voltage 
supplied by the rectifier networks is maintained con- 
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stent for ship service at a level reduced from the gen- 
erator output voltage by a value sufficient to compen- 
sate for such transients. The reduced DC voltage from 
rectifier networks 24, 25 and 30, 31 is fed onto port 
and starboard DC busses 54 and 56, respectively. 5 

From these intermediate DC busses 54 and 56 
the voltage is fed into the ship service power invertors 
58 and 60 that provide high quality AC or DC power 
as required by the ship service loads, which are 
shown generally as 62 and 64. These loads will typi- 10 
cally include lighting, computers, radar and various 
electronic equipment. In addition, the reduced vol- 
tage from busses 54 and 56 is fed into the port and 
starboard battery charging/converter networks 66, 67 
and 68, 69, respectively. These networks 66, 67 and 15 
68, 69 are connected to battery 42 through switch- 
board 44 to charge the battery during normal opera- 
tion or to supply DC voltage from the battery to the 
intermediate DC busses 54 and 56 during emergency 
situations. 

20 

Figure 1 illustrates the basic electrical system of 
the present invention. In a typical large marine vehicle 
separate generator sets are used to provide power for 
ship service loads. In the unique system of the pres- 
ent invention, power from generators 14 and 16 is 25 
shared by propulsion motor 50 and ship service loads 
62 and 64, without the danger of propulsion motor 
transients being reflected into the ship service power 
system. In addition, battery 42 provides emergency 
power for both propulsion and vital ship service loads. 30 

Figure 2 is a block diagram of the port ship ser- 
vice power and ship battery portion of the electric 
power system of the present invention. The starboard 
portion is equivalent. As discussed previously, the AC 
voltage from the port generator 14 and starboard gen- 35 
erator 16 is fed into port ship service rectifier net- 
works 24 and 25, respectively. In a preferred embodi- 
ment, shown in Figure 2, these rectifier networks 24 
and 25 comprise silicon controlled rectifier (SCR) 
bridges. As illustrated in Figure 3, each SCR bridge is 40 
configured as a separate six (6) leg module, one for 
the port generator input and the other for the star- 
board generator input. Figure 3 illustrates one of the 
6 leg modules. In a typical large ship system, the AC 
generator input will be approximately 890 VAC. The 45 
SCR bridges rectify this voltage to approximately ± 
370 VDC (line-to-neutral), which is fed onto the port 
and starboard intermediate busses 54 and 56. The 
SCR's are phase controlled, in a conventional man- 
ner, to regulate automatically the intermediate DC so 
voltage. By reducing the voltage with the SCR 
bridges, which automatically compensate for 
changes in generator voltage, the ship service vol- 
tage remains constant even if the generator voltage 
drops by 40% due to, for example, propulsion motor 55 
transients. As mentioned previously, the magnitude 
of these transients is determined empirically for a par- 
ticular marine vehicle or class of vehicles. 



Referring again to Figure 2, the DC voltage on in- 
termediate bus 54 is fed to the port ship service in- 
verters 58. In a preferred embodiment shown in Fig- 
ure 2, the ship service inverters comprise modules 
separately located within the ship to provide a 450 
VAC, three-phase power source. The starboard ship 
service wOl have equivalent modules. Alternative 
DC/AC or DC/DC conversion can be supplied by con- 
ventional means to meet particular load require- 
ments. Figure 4 illustrates a preferred circuit for each 
port and starboard inverter module. This circuit utiliz- 
es insulated gate bipolar transistors (IGBTs) in a pulse 
width modulation (PWM) mode to convert the DC vol- 
tage on the intermediate busses 54, 56 to three- 
phase AC. Pulse width modulation, which is conven- 
tional, can be regulated to control voltage, frequency 
and phase independently of the load. The PWM fre- 
quency is preferably in the range of 20 KHz to mini- 
mize ripple and the filter requirements. As shown in 
Figure 4, a single stage filter is utilized to reduce the 
fundamental ripple to less than one percent. 

Referring to Figure 2, the DC voltage on inter- 
mediate bus 54 is fed into battery charger 66. Sepa- 
rate battery charger circuits (and battery converter 
circuits) are provided for both the port and starboard 
halves of the ship in a preferred embodiment, as 
shown in Figure 1 (blocks 66, 67 and 68, 69). Figure 
5 illustrates a preferred circuit for the battery charger. 
This center tap configuration converts the intermedi- 
ate DC voltage, typically ± 370 VDC (line-to-neutral), 
down to the nominal battery voltage typically ± 135 
VDC (line-to-neutral) or 270 VDC (line-to-line). Pre- 
ferably, IGBTs are used for switching elements and 
PWM is used to regulate charging power and voltage. 

Referring once again to Figure 2, the ship battery 
is connected to boost DC-to-DC converter 67. In the 
case of an emergency, voltage from the ship battery 
would be applied to intermediate bus 54 to supply the 
ship service power requirements and also to provide 
emergency propulsion power, as discussed with ref- 
erence to Figure 1. Figure 6 illustrates a preferred cir- 
cuit for the boost converter, which utilizes a center tap 
transformer to step up the battery voltage to the in- 
termediate bus DC voltage. Once again, IGBTs are 
preferably used for switching elements and PWM is 
used to regulate power and voltage supplied to the in- 
termediate bus 54. As previously mentioned, al- 
though Figure 2 illustrates only the port ship service, 
the starboard ship service is equivalent. 

The present invention has been described in a 
preferred embodiment. However, in a smaller marine 
vehicle separate generator sets (i.e. port and star- 
board) and redundant circuitry need not necessarily 
be provided, and in larger marine vehicles various 
other combinations of more than two generators and 
one propulsion motor may be provided. Further, alter- 
nate circuitry for the inverter modules, battery charg- 
er and boost converter will be apparent to those hav- 
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ing ordinary skill in the art As will be apparent from 
the foregoing, the distinct advantage that the present 
invention provides is the capability to utilize the same 
power generators) to supply the propulsor power 
system and the ship service power system without s 
the danger of propulsion motor transients being re- 
flected into and affecting the ship service loads. 



Claims 10 

1. An electric power system for marine vehicles 
comprising: 

a first generator for generating an AC vol- 
tage having a first magnitude; 15 

a propulsion power system including a pro- 
pulsion motor for driving a propeller of said vehi- 
cle; 

means for coupling said generated AC vol- 
tage to said propulsion power system; 20 

a ship service power system; 

means for coupling said generated AC vol- 
tage to said ship service power system including 
means for rectifying said AC voltage to a control- 
led reduced magnitude DC voltage, said reduced 25 
magnitude DC voltage being less than said first 
magnitude AC voltage by a given value, whereby 
voltage transients in said propulsion power sys- 
tem less than said given value are automatically 
compensated for by said means for rectifying 30 
such that they do not affect said ship service 
power system. 

2. An electric power system according to Claim 1 
wherein said means for controlled rectification in- 35 
eludes a silicon controlled rectifier (SCR) bridge. 

3. An electric power system according to Claim 1 or 
Claim 2 wherein said means for coupling said 
generated AC voltage to said ship service power 40 
system includes inverters for converting said re- 
duced magnitude DC voltage into three-phase 

AC voltage for use by ship service loads. 

4. An electric power system according to Claim 3 45 
wherein said inverters include insulated gate bi- 
polar transistors (IGBTs). 

5. An electric power system according to Claim 4 
further including a rechargeable battery. so 

6. An electric power system according to Claim 5 
further including a DC bus for carrying said re- 
duced magnitude DC voltage, said DC bus being 
coupled to said means for controlled rectification 55 
and to said inverters. 

7. An electric power system according to Claim 6 in- 



cluding means for charging said battery, said 
charging means connected to said DC bus, 
whereby said battery is charged from said re- 
duced magnitude DC voltage on said DC bus. 

8. An electric power system according to Claim 7 in- 
cluding converting means connected between 
said battery and said DC bus for converting bat- 
tery voltage to said reduced magnitude DC vol- 
tage, whereby said battery provides an alternate 
power supply for said ship service power system. 

9. An electric power system according to Claim 5 in- 
cluding means for coupling said rechargeable 
battery to said propulsion power system, where- 
by said battery provides an alternate power sup- 
ply for ship propulsion. 

10. An electric power system according to Claim 1 
further including a second generator for generat- 
ing AC voltage having said first magnitude. 
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